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SUMMARY

A field study of the removal of seven chemical warfare (CW)
agents from fresh and saline water by vapor compression distillation
was conducted at Graces Quarters, Maryland, during the period 12
September tyough 21 November 1962. The objectives of the study
were: (1).o determine whether a U. S. Army vapor compression dis-
tillation unit could produce an acceptable distillate from fresh and
saline water contaminated with seven CW agents (incapacitating agent,
BZ; nerve gases, GA, GB, and VX; blood gas, AC; and vesicants, HD
and HN-3)P (2) in the event the unit did not produce a potable dis-

tillate, t• develop auxiliary procedures, either pretreatment or
posttreatyent, capable of producing an acceptable water; (3) to
study t•6 vapor hazard in the operating area; and (4) to evaluate a
small dcale batch coagulation process (not involving distillation)
for removing VX from fresh water.

"The results of this study indicate that:

a. The Army's vapor compression distillation unit d4o not
produce an acceptable distillate from fresh water contaminated with
BZ, VX, AC, G3, or GA.

b. The Army's vapor compression distillation unit does not
produce an acceptable distillate from saline water contaminated with

BZ, VX, or AC.

C. Mixed-bed ion exchange resin, containing a strongly
acidic cation resin and a strongly basic anion resin, is effective
for posttreatment of distillate containing all the CW agents studied.

d. Granular activated carbon is effective for posttreatment
of distillate containing all the CW agents studied, except AC.

e. A small-scale batch coagulation process involving super-
hypochlorination, activated carbon dehypochlorination, coagulation,
and filtration is capable of effectively removing VX from a contam-
inated fresh water source.

V. Further study is quired to determine operating charac-

teristics of activated carbo• and ion exchange resins in order to
establish design criteria of auxiliary equirmcnt 'or sosttreatment
of distillate from sources cnontamixiated with CW agents.



REMOVAL OF CHEMICAL WARFARE AGENTS FROM WATER

BY VAPOR COMPRESSION DISTILLATION

I. INTRODUCTION

1. S . The objectives of this study were as follows:

a. To determine the efficiency of the vapor compression
distillation unit in the decontamination of water containing chemi-
cal warfare (CW) agents.

b. To determine auxiliary water treatment procedures re-
quired to produce a potable water from a possibly unacceptable
distillate.

c. To study the vapor hazard in the operating area.

d. To conduct related studies uf a small-scale batch
coagulation process not involving distillation.

2. Background and Previous Studies. Buswell, Sanchis, and
Hudson (1) conducted the first study in the use of vapor compression
distillation for the removal of CW agents from water. In their
study, a 1,500-gallon-per-day distillation unit was evaluated with
water contaminated with sulfur mustard (H), lewisite (L), and nitro-
gen mustard (HN-3). It was determined that the distillate produced
was safe for 1-week consumption but was not palatable because of
strong odors. Further investigation showed that dosages of up to 5
pounds of powdered activated carbon per 1,000 gallons of distillate
followed by coagulation, sedimentation, and filtration produced a
potable water.

Laboratory studies by several investigators pertaining to
CW agent decomposition have provided valuable information which was
used in predicting agent action during distillation in this study.
Studies by Epstein and Bauer (2, 3), of the hydrolysis of Sarin (GB)
in water, determined that the rate of hydrolysis is dependent on p1l,
temperature, and type and concentration of dissolved solids. The
rate of hydrolysis of Sarin increased approximately 10 times per
unit decrease of pH below 4, and at a given pH, the rate of hydroly-
sis doubled for each 100 C increase in temperature.

Additional work by Epstein (4) indicated that at a pH
above 6.5, hydrolysis increased 10 times per unit increase in pH.
it was also pointed out that hydrolysis is accelerated by anions,
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with the exception of hydroxyl ions. The presence of calcium and
magnesium ions in alkaline waters and cupric and manganous ions in
acid waters was effective in increasing hydrolysis.

In considering the possible methods of additional distil-
late treatment, it was found that Epstein and Flannery (5);
Epstein, Flannery, and Wessels (6); and Epstein (7) had removed GB
from water with activated carbon and also with both cation and anion
exchange resins. These studies indicated that activated carbon is
effective in the removal of Tabun (GA) and Sarin (GB) and that pH,
temperature, and hydrolysis products have little effect on the per-
formance of the carbon. These studies also indicated that the res-
ins act as catalysts in the decomposition of GB and that a strong-
base anion resin is the most effective.

Lindsten and Bauer (8, 9) studied the removal of VX from
water by use of cation exchange resin, in the hydrogen and sodium
form, and a mixed-bed resin. The latter resin was the most effec-
tive of the three for removing VX from water contaminated to the
level of 13.1 mg/l.

3. Maximum Permissible Concentration (MPC). In order to
carry out an adequate evaluation of any item of water treatment
equipment, it is necessary to know, first, what is to be removed
and, second, what are the maximum amounts which can be permitted to
remain in the water. With certain chemicals, the limits are clearly
defined, based upon toxicological and other investigations. There
are certain chemicals, however, for which the maximum limits cannot
presently be completely defined. At the present time, The Surgeon
General is making a critical review of toxicological information
with the objective of determining more acceptable standards. Where
such information is not adequate, further research will be neces-
sary. Due to military expediency, however, it is often necessary
to defined maximum limits based upon the best information available.
Therefore, for the purpose of this study, the MPC values which are
used and discussed are those which are presently being considered
for adoption by the United States, United Kingdcm, and Canadian
Armies. Certain of these limits are still subjects of considerable
discussion. For that reason, all analytical work carried out in
this study was done quantitatively so that in the event new limits
are established, the data contained in this report will still be
usable. At the present time, the maximum limit for BZ is not well
defined and is that which is presently being utilized by Chemical
Corps Agencies dealing with this material. For the purpose of this
study, the following 7-day maximum permissible concentrations were
utilized:



3

Blood Gas (AC) 20.0 mg/1
Mustards (HD and HN-3) 2.0 mg/i
Nerve Gas (GA) 0.5 mg/i
Nerve Gas (GB) 0.1 mrg/i
Nerve Gas (VX) 0.005 mg/l
BZ 0.01 mg/i

II. INVESTIGATION

4. General Layout and Test Equipment. The test site was lo-
cated at Graces Quarters, Edgewood Arsenal, Maryland. Figure 1 is
a diagram of the test site and equipment arrangement. Shifflett
Pond at Graces Quarters was the source of fresh water. Figure 2
shows equipment set up to pump the water from the pond to a 2,000-
gallon tank truck. Characteristics of this water were high color,
low dissolved mineral content, pH 6.8 to 7.2, and a turbidity of
approximately 50 units. The saline water was hauled to the site in
2,000-gallon quantities by tank truck (Fig. 3) from the lower Chesa-
pe'ke Bay area. Analyses of this water indicated a dissolved min-
eral content of approximately one-third that of sea water and low
turbidity and color. Standard military, collapsible, nylon-rubber
tanks were used for storage of raw water and its subsequent contam-
ination with the CW agents.

A prototype vapor compression distillation unit was used
as the study unit. Figures 4 and 5 show the unit with associated
equipment. Constructed of aluminum, it is a prototype of the pro-
posed standard Army, trailer-mounted, 125-gph distillation unit. A
schematic flow diagram is shown in Fig. 6. Feedwater is pumped
through heat exchangers, where it picks up heat from the distillate
and blowdown, and then through the engine water cooler, where it re-
ceives heat from the engine exhaust, before entering the evaporator.
The water then passes up through the tubes of the evaporator and is
partially vaporized. A concentrated brine (blowdown) is continuous-
ly drawn off through the heat exchanger and discharged to waste.
The steam at approximately 2120 F passes to the compressor, where
compression raises its temperature -to about 2240 F. Upon being re-
turned to the steam chamber surrounding the tubes of the evaporator,
the steam condenses, gives up its latent heat of condensation to the
incoming feedwater in the tubes, and passes out of the system as
distillate through the heat exchanger. The temperature of the dis-
charged distillate is about 100 F to 150 F above the incoming feed-
water temperature.

The pressure on the suction side of the compressor is ad-
justed to approxisately 6 inches of water above atmospheric pressure.
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On the discharge side, the pressure may vary from 2.5 to 5 psig,
depending on scale formation in the evaporator. During operation,
the volume of water held in the evaporator is 44 gallons and the
average detention time is 22 minutes.

The two mobile laboratories shown in Fig. 7 were used for
performing all analytical determinations at the test site.

5. Procedures. The distillation unit was operated typical
of its intended use in the field. Seven CW agents were used. Five

of thes6 agents are described in Table I. Descriptions of two
agents are omitted because of classification.

a. Distillation Study. The agents were delivered to the

site by boat from Edgewood Arsenal (Fig. 8), usually in 100-gram
quantities, on the day a run was made. In some cases, the agent had
to be treated before it was added to the feedwater tank. The agent

BZ was dissolved in a minimum quantity of hydrochloric acid. Be-
cause of low water temperatures and the limited Rolubilities of the
mustards, the Hi) and 1I1W-i were dissolvud iln ace uLo befurk they were
addcd to the feedIwater tank. Th'-gn AC (I[CN) wnr.e produrind in
;itu by the addition of solid s;odium Qyanide to the tank of water,
followed by the addition of a stoichiometric amouint of hydrochloric
acid.

The other three agents used as contaminants were
liquids which required no special preparation. While the agent was
being poured into the tank, the water was stirred manually. After

contamination was completed, the feedwater was recirculated con-
scantly to maintain a uniform mixture. During all preparatory work,
protective clothing was worn by operating personnel (Fig. 9). After
preparation of Lhe eun LaltinaLed water, personnel involved were
thoroughly decontaminated by use of a 200-ppm calcium hypochlorite

solution (Fig. 10).

The unit was put into operation immediately after

water decontamination. A warmup time of 1 hour was usually required
before distillate was produced. An additional half hour was allowed
for stabilization of distillate production. After the unit was

stabilized, samples of raw water, blowdown, and distillute were col-
lected hourly for chemical agent analysis; blowdown and distillate
samples were also collected for other analytical determinations.
Vapor samples were taken hourly at the blowdown sump (Fig. 11) and
at the compressor. Random vapor samples were taken in the general
environment and over the raw water tank during a run. A continuous-
reading conductivity meter was also used to monitor the quality of
distillate.
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During the course of a run, samples of feedwater,
blowdown, and distillate were taken hourly for the various necessary
analytical determinations. Agent concentration in each hourly sam-
ple was determined. Other determinations varied with the sample.

The water analyses performed on Shifflett Pond raw
water were pH, color, turbidity, hardness, alkalinity, chlorides,
and sulfates. The same analyses except those for hardness and sul-
fates were performed on saline raw water. The hourly blowdown sam-
ple was analyzed for pH, alkalinity, and chlorides. The distillate
sample was analyzed for pH and chlorides. Laboratory work areas are
shown in Figs. 12, 13, and 14. All procedures except those for
agent detection were performed in accordance with Standard Methods
for the Examination of Water and Wastewater, llth Edition.

(1) Hydrogen Ion Concentration (pH). Portable Beck-
man pH meters, Models N and G, were used. Both units were
standardized several times a day with standard buffer solutions.

(2) Color. The Heilige Aqua Tester with a standard
color disc wac used.

(3) Turbidity. For waters above 25 units, the Jack-
son candle turbidimoter was used. For water under 25 units,
the Hach meter was used, but only to give an order of magnitude.

(4) Alkalinity (as CaC03). A standard solution of
0.020 N sulfuric acid solution, with a mixed indicator of
methyl orange - xylene cyanol, was used to determine the total
alkalinity.

(5) Hardness (as CaC03). Total hardness was deter-
mined by the EDTA (ethylenediaminetetraacetic acid) titration
method, using an ammonium chloride - ammonium hydroxide buffer
and Eriochrome Black T as the indicator.

(6) Chlorides (as Cl). Two methods of determining
chlorides were used, depending upon the range of chlorides in
the water. For water low in chlorides, the mercuric nitrate
titration was used. This method used 0.0141 N mercuric nitrate
solution and diphenylcarbazone-bromphenol blue mixed indicator.
For the waters of high chloride content, a 0.10 N silver ni-
Lrate solution and a potassium chromate indicator were used.

(7) CW Agents. Analytical methods used in determin-
ing agent concentration are summarized in Table II. This table
also shows the sensitivity of each method and the maximum limit
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as specified in paragraph 3 and notes interferences encountered
in some procedures.

(8) Vapor Detection. Vapor sampling was done with
the standard Army chemical agent test kit (M-18). This kit was
supplemented with exper.aental enzyme tickets for the detection
of V and G agents.

After each run, the holding tanks were decontaminated
prior to release of the water into the Gunpowder River. Waters con-
tai4ning V agent were decontaminated by use of calcium hypochlorite
and hydrochloric acid. The AC-contaminated and G-contaminated water
was treated with calcium hypochlorite. The mustards were allowed to
decay for 2 days before the water was released.

b. Carbon and Resin Column Studies. This portion of the
study was designed to provide general information regarding the cap-
ability of granular activated carbon and ion exchange resin columns
to rcmovc CW agents from water and to indicate the direction of fur-
ther study in the development oi auxiliary equipment for the treat-
mimnt. of unacceptable distillatc.

Carbons used were Nuchar WA (+30 mesh) and Nuchar
C-190 (+30 mesh). Three ion exchange resins used were Duolitc C-25,
a strongly acidic cation resin; Duolite A-30B, an intermediate base
anion resin; and a mixed resin obtained from laboratory deminerali-
zation units (Barnstead Red). The mixture contained a strongly
acidic cation resin and a strongly basic anion resin. Table III
gives some characteristics of these column materials.

Columns were prepared by using 5-cm-diameter glass
cylinders, 60 cm in length. The column medium, 500 ml of dry gran-
ular carbon or 500 ml of wet resin added as a slurry, was supported
by a one-hole rubber stopper covered with a fine nylon screen and a
5-cm layer of glass wool. The top of the column medium was covered
with a glass wool plug about 5 cm thick. This prevented the feed-
water stream from disturbing the medium and also acted as a filter
for any incidental turbidity in the column feedwater. Before use,
each column was washed with 3 or 4 liters of demineralized water.
A typical column arrangement is shown in Fig. 15.

Contaminated water fed to the columns varied widely
in composition. Straight distillate, spiked distillate, distilla-
tion unit feedwater, and mixtures of feedwater and distillate were
used. In all cases except Test 1 (with BZ-contaminated feed), the
flow rate through the column was adjusted to 150 ml/mmn (2.2 gpm/cu
ft) by use of a Hoffma:n screw clamp. Samples of coltua feedwater
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and effluent were analyzed for pH and agent concentration. Waters
containing six of the seven agents used in this study were fed to
the columns. Agent HD was excluded since it was found that the dis-
tillation unit adequately removed both mustards from contaminated
feedwater.

c. Batch Process Decontamination Study. This study was
designed to determine the effectiveness of a batch coagulation proc-
ess for removal of a typical CW agent from fresh water. The equip-
ment used was a lyster bag, a filter (Water Purification Unit, Hand-
Operated, Knapsack-Pack, Filter-Pad-Type, I/4-GPM), and a mixed-bed
ion exchange column (Fig. 16). Shifflett Pond water contaminated
with 18.7 mg/1 of VX was used for the test. The procedure involved
was as follows: The lyster bag was filled with 36 gallons of con-
taminated water. Twenty grams of calcium hypochlorite (70 percent
available chlorine) was added to provide a dosage of 100 mg/1 avail-
able chlorine. This was followed by the addition of 82 grams of
powdered carbon (600 mg/l), 7 grams of ferric chloride (50 mg/1),
and 14 grams of limestone (100 mg/1). The coagulated water was
pumped Uhruugh Lhe i/4-gpm filter unit and then passed through a
mixed-bed resin column, and the effluent was collected in a plastic
drum, One-half-hour waiting periods were observed following hypo-
chlorination, carbon addition, and coagulation.

6. Results. The results of each of the 20 distillation runs
are given in Appendix B, Tables VI through XXV. Table VI shows the
results of an agent-free run which was carried out to obtain control
data. A summary of results of all the distillation runs is given in
Table IV.

The results of the vapor sampling are given in Appendix C,
Tables XXVI through XXIX.

Carbon and resin column study results arc shown in Appen-
dix D, Tables XXX through XXXVIII. A summary of results of the
column studies is given in Table V.

The results of the batch coagulation decontamination study
are presented in Appendix E, Table XXXIX.
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III. DISCUSSION

7. Distillation Runs. Reference to the summary of results
given in Table TV indicates less than 90-percent agent removal in
only four cases. Although this high degree of redaction was ob-
tained, only in the case of the mustards was the agent concentration
in the distillate found to be below the maximum limits (paragraph 3).
This indicates that the process of vapor compression distillation of
water contaminated with OW agents would have to be supplemented with
an auxiliary process in order to produce a potable distillate.

The details of the various runs are discussed in the order
in which they are presented in the tables of Appendix B.

a. Run 1. This run was made with agent-free Shifflett
Pond water to check on the distillation unit operation, sampling,
analytical, and safety procedures. The results of the run indicated
the unit was operating satisfactorily and that the scheduled sampl-
Ing and analytical procedures could be properly performed by the
test team during the run within the time periods allowed for these
proce~dures .

b. BZ. Two runs were made, one with saline water and
the other with fr-esh water. For the saline water run, the distil-
late required 2 hours before the agent concentration stabilized.
In the pond water run, the agent concentration of the distillate
reached a stable level immediately. Although distillation removed
99.8 percent of the agent during both runs, the agent conce'ntration
in the distillate was still twice the maximum limit specified in
paragraph 3. A comparison of thc graphs of the two runs (Appendix
B, Figs;. 17 and 18) shows little difference In the quality of the
two distillates.

c. VX. Seven runs were made with VX as the contaminat-
ing agent. Four of the runs were made with saline water and two
with Shifflett Pond water; one run was a redistillation of the
distillate from Run 18 (Shifflett Pond water). In the six routine
runs, with the agent concentration of the feedwater averaging 19.3
mg/l VX, the agent concentration In the distillate varied between
1.251 and 2.5 mg/I , which is 250 to 500 times greater than the MvPC
value. In the redistillation run, the VX concentration of the
feedwater was 2.3 mg/i and the distillate averaged 0.09 mg/l VX.
The average removal of TX accomplished in the six routine runs was
91 percent. In the redistillation run, a removal of 96 percent was
obtained, indicating that the percent removal is independent of the
agent concentration in the feedwater, within the range specified.
No difference was apparent in the quality at the distillate in
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either the saline or fresh water runs, and in all the runs, the
blowdown and distillate had approximately the same agent concentra-
tion (Appendix B).

d. GB. Three runs were made with GB as the contaminat-
ing agent. The two saline water runs were 5½ and 10-2/3 hours in

duration, and one fresh water run was 5½ hours in duration. In all
of the runs, there was slight decomposition of the agent in the
feedwater (Appendix B, Tables XVI-XVIII). In the saline water runs,
the pH was such that the calcium, magnesium, and sulfates helped to
accelerate decomposition of the agent. In the distillation unit
evaporator, the agent went through seven half-lives in approximately
30 minutes. The high temperature and alkaline pH were the two major
factors in producing this rapid decomposition. In the distillation
run with saline water, the distillate was below the prescribed MPC
value. The distillate from the Shifflett Pond water was above the
tolerance level and required additional treatment.

e. GA. Two fresh water and one saline water runs were
made with GA as the contaminant. In Run 8, Table XIX, the fresh
water interfered with the Schoenemann test; consequently, all de-
terminations were made by using the total cyanide procedure. This
method of determination does not have the required accuracy or range
to produce acceptable results. Therefore, the remaining two runs
were evaluated by using the chemical enzyme test. Tabun (GA) had
the same characteristic in the water as Sarin (GB) except that it
decomposed more rapidly and produced cyanide as a hydrolysis product.
The distillation unit did produce an acceptable distillate in Runs
10 and 17, made with saline and fresh water, respectively. This can
be attributed partially to the high rate of decomposition of GA when
exposed to high temperatures and alkaline pH.

f. AC. One fresh water run and one saline water run
were made with hy-drogen cyanide (AC) as the contaminating agent.
Very little reduction of the AC resulted from distillation; the
greatest reduction was 20 percent. The temperature and pH had
little effect on decomposition.

g. HD and FIN-3. One fresh water run was made with each

mustard agent. The sulfur mustard (HD) and nitrogen mustard (HN-3)
were readily decomposed to below the MPC by the distillation process.

8. Vapor Tests. The vapor tests were qualitative studies.
The apparatus and equipment was of such a nature that any quantita-
tive data concerning agent concentration would be unreliable. The
main purpose of this study was to determine whether or not toxic
vapors were released during the operation of the distillation unit.
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It was found (Appendix C) that vapors of the agents were released at
the blowdown sump and also at the compressor. The data are insuffi-
cient for a conclusion to be drawn as to whether these vapors repre-
sent a hazard over prolonged exposures, but the data do indicate
that the wearing of protective clothing and gas masks is a sound
practice.

9. Activated Carbon and Ton Exchange Resin Column Studies.
Table V indicates that activated carbon and ion exchange resins,
within the limits of this study, show promise for the treatment of
distillates produced by the vapor compression distillation unit.
However, further studies will have to be made to determine the ca-
pacities of both 2arbon and resins, since in no cases were success-
fully operating columns loaded to exhaustion because of time limita-
tions. In conjunction with this work, a study should be made to
determine whether the action of the resins is a purely catalytic
reaction or true ion exchange. In the work of Epstein, Flannery,
and Wessels (6); Epstein (7); and Lindoten and Bauer (8), there is
evidence that the resins also act as catalysts in the decomposition
of agcnts CD and VX. To indicate the potential capacitics of carbont
or mixed resin columns, the result:; of the Les;t with VX-contaminated
distillate and column Nuchar C-1-90 and a mixed resin should be puoint-
ed out (Appendix D, til1, l XXX]I, T,:.t No. 3). With calculutions"
based on a distillate feed of 1.1] mg/l and a colLu.u- medium volume of
0.) liter, the result:; of thi., test show that at least 1,100 colu:L
volumes of distillate could ho s;uecee:s:;f'ully tre0atcd by both the cns-
bon and mnixed resin column.

a. Carbons. Nuchar WA (+30 mesh) used in the treatment
of various colunn feedwaters containing liZ, VX, GB, GA, AC, and T{N-3
produced effluents whose agent concentrations were well below accept-
able levels, except in the case of AC. (It should be noted that AC
can be oxidized by chlorination.) Nuchar C-190 was evaluated in one
test with distillate contaminated with VX and successfully removed
the agent from a spiked distillate feedwater which had been spiked
to a concentration of 115 mg/l VX.

b. Resins. The results of the coltumn studies :; :uariZcd
in Table V indicate that a contaminated di:;tiliato contaiinng Z, VX,
GA, GB, AC, and 0BN-3 can be successfully treated with mixed resin
composed of a strongly acidic cation resin and a strongly bas ic
anion exchange resin. Separate column:; os c-.-(i) and A-3OB(O1(), in
series, were somewhat less effective than the mixed res:s i; the re-
moval of VX from spiked distillate. A colw1a of C-2,(H) wa;; effec-
tive ir removing BZ from a contaminated distillate. Resins C-2;(n)
a.d C-25(L.a) were :;seeessful 1:: removing VX Fron disýtillate cntalin-
ing 1.5 W'/i of agent. Resin C-25(Na) was ineffective in tets with
distillates contaminated witl GA and GB.
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In an attempt to determine the fate of VX during the
regeneration, with 4 N hydrochloric acid, of a Duolite C-25 (H)
column which had removed 197 mg of VX from 12 liters of contaminated
distillate, it was found that only 0.38 percent of the loaded amount
of VX was recovered in the regenerant liquids. There are three pos-
sible answers to this low recovery: First, the destruction of agent
due to hydrolysis of the VX by the resin prior to regeneration;
second, hydrolysis of the agent by the strong acid used for regener-
ation; and third, the inability of the regenerating acid to remove
completely the VX from the resin. This is an area where further
study will be required.

10. Batch Decontamination Process Study. The process used in
this study is a proposed, general, small-scale procedure for the re-
moval of chemical, biological, and radiological agents from water.
From various laboratory studies, it has been determined that strong
hypochlorite solutions exert destructive effects on VX. G-agents,
and AC. The mustards are removable by carbon adsorption. In this
prorosed procedure, the advantages of strong hypochlorite solution
and carbon adsorption are utilized. Coagulation provides for clar-
itication. ion excnange resin treatment provides for the removal of
soluble ionic contamination by demincralization.

The results of this study indicated that with the proposed
procedure, about 35 gallons of potable water could be produced from
a highly contaminated fresh water source containing 18.7 mg/l of VX,
within approximately 31 hours.

IV. CONCLUSIONS

11. Conclusions. Based upon the results of this study, the
following conclusions were made:

a. The Army's vapor compression distillation unit does
not produce an acceptable distillate from fresh water contaminated
with BZ, VX, AC, GB, or GA.

b. The Army's vapor compression distillation unit does
not produce an acceptable distillate from saline water contaminated
with BZ, VX, or AC.

c. Mixed-bed ion exchange resin, containing a strongly
acidic cation resin and a strongly basic anion resin, is effective
for posttreatment of distillate containing all the CW agents studied.
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d. Granular activated carbon is effective for post-
treatment of distillate containing all the CW agents studied, except
AC.

e. A small-scale batch coagulation process involving
superhypochlorination, activated carbon dehypochlorination, coagula-
tion, and filtration is capable of effectively removing VX from a
contaminated fresh water source.

f. Further study is required to determine operating
characteristics of activated carbon and ion exchange resins in order
to establish design criteria of auxiliary equipment for posttreatment
of distillate from sources contaminated with CW agents.
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APPENDIX B

REMOVAL OF CHEMICAL WARFARE AGENTS FROM

WATER BY VAPOR COMPRESSION DISTILLATION
(Tables VI through XXV)

Table VI. Run 1 - Distillation of Shifflett Pond Water
Without Agent

DATE: 26 Scptembcr 1962

OBJECTIVE: To check the distillation unit operation, sampling,
ana.lyt~ic-al, and ;a!'ct.y procedurc-• by distillation of
arcent-frec wateur

FEEDW.N.'1qH AN'IALYSIS: pi t.2, turbidity )15 unit:;, color 70 units,
hardines:; 10 mng/ (CaCO)), alkalinity 20 nm/i

(CCO 3), chloride )i mg/i (Cl), sulfate 5 mg/l

CHEMICAL DATA

Samnple Distillate Blowdown

Time pH1 Chloride pH Chloride Alkalinity
(hr) (Rmg/I cl) (Mg/1 cl) (mg/l CaCO 3 )

1000 7.2 0.2 8.9 3.11 1.9
1100 b.2 0.1 9.1 6.5 56
1200 7.8 1.8 9.1 b.6 18

1300 7.9 0.25 9.1 8.8 53
1400 6.8 0.115 9.1 8.2 51

Average 7.2 0.6 9.1 6.7 11

AVERAGE OPERATIONAL DATA

Length of Run: 6 hr

Rates (gh)-• Distillate lOL, Blowdown 70, Feedwater 17).

Temperatures: Feedwater 650 F, Blowdown ilP F, Distillate 720 F

Ambient Temperature: 680 F
Distillate Conductivity: Not dctermined
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APPENDIX C

VAPOR TESTS ON VAPOR COMPRESSION DISTILLATION UNIT
(Tables XXVI through XXIX)
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APPENDIX D

RESULTS OF ACTIVATED CARBON AND
ION EXCHANGE RESIN COLUMN STUDIES

(Tables XXX through XXXVIII)



8o

Table XXX. Test 1 - Removal of BZ from Distillate by
Passage Through Carbon and Ion Exchange Resin Columns

DATES: 27 September and 1 October 1962

COLUMN DATA: Each column - 500 ml volume and approximately
30 cm high

Carbon - Nuchar WA (+30 mesh)
Resin - Duolite C-25(H)

FEEDWATER: Distillate from Run 2 and Run 3

FLOW RATE: 50 ml/min (0.7 gpm/cu ft of resin)

SAMPLE VOLUME: 1000 ml

Run Sample Effluents
No. Time Feedwater N ucha' WA

(hr) p11 Z pH B7 PH By
(mg/i) (mg/i.) (g

2 1200 6.3 0.022 - - -

1300 6.1 0.035 0.0 - -
1400 5.9 0.034 - 0.007 - -

1500 6.3 0.036 - 0.0 - -

3 1300 7.2 0.033 9.9 0.0 8.( 0.0
1400 5.8 0.039 9.9 0.0 7.0 0.0
1500 5.6 0.03) - 0.0 - 0.0

NOTE: One liter of Shifflett Pond water, contaminated with 16 mg/i
BZ, showed complcte removal of BZ after passing through the
carbon column.

Dashes indicate no determinations were made.
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Table XXXI. Test 2 - Removal of VX from Distillate by
Passage Through Carbon and Ion Exchange Resin Columns

DATE: 3 October 1962

COLUMN DATA: Each column - 500 ml volume and approximately
30 cm high

Carbon - Nuchar WA (+30 mesh)
Resins - Duolite C-25(H)

Duolite C-25(Na)

FEEDWATER: Distillate from Run 4

FLOW RATE: 150 ml/min (2.2 gpm/eu ft oC re;in)

SAMPLE VOLUME: 1000 ml

Sawple FeeOdwauer ElJTlaut L,:;
T-1mrn P14 VX NilrThir WA C>2(T ____________

(hr) (rmg/|) I 'I' VX p1A VX pH VX S11 ý ) ):lt / ( 1 l )

1100 6., 1.12 9.3 0.0 6.3 o.0oo0) 9.0 o.00ooo
1200 6.9 l.)10 9.1 0.0 6.p o.o 9.0 0.0
1300 7.0 1.1,2 9.6 0.00021 b.1 0.0 9.1 0.0002)1
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Table XXXII. Test 3 - Removal of VX from Distillate
and Spiked Distillate by Passage Through

Carbon and Ion Exchange Resin Columns

DATES: 2, 5, 7, 8, 15 November 1962

COLUMN DATA: Each column - 500 ml vol-ume and approximately
30 cm high

Carbon - Nuchar C-190 (+30 mesh)
Resin - Mixed-Bed (Barnstead Red)

FEEDWATER: Distillate of Runs 14, 15, 16, and spiked distillate of
Run 18

FLOW RATE: 150 ml/min (2.2 gpm/cu ft of resin)

EFFLUENT FRACTION VOLUME: 800 ml

Date Feedwater Column Effluents
(1962) VX Fraction Nuchar C-190 Mixed-Bed Resin

(mg/l) Number pi1 VX pTI VX
(mg/1) (Mg/i)

2 Nov 1.31 10.2 Trace 8.6 Trace
(Run ill) 5 10.0 0.0018 6.8 "

10 - Trace - 0.0

15 9.6 0.0 - 0.0
20 9.7 0.0 7.2 0.0

5 Nov 1.3 21 9.5 0.0 7.5 0.0

(Run 15) 25 9 .4 0.0 7.0 0.0
30 8.3 0.0 8.0 Trace
35 8.3 0.0 7.9 0.0
40 7.9 0.0 8.1 0.0

7 Nov 1.5 41 8.4 Trace 7.9 0.0
(Run 16) 45 7.7 7.8 0.0

50 8.0 7.4 O.0
55 7.4 8.0 0.0
60 7.14 0.0003 7.•4 Trace

8 Nov 1.5 61 - Trace - 0.0

(Run 16 65 - 0.0 - 0.0
cont'd) 70 - 0.0 - 0.0

75 - 0.0 - 0.0

B0 - 0.0 - 0.0

15 Nov 115 S1 8.0 Trace 7.9 0.0009

(Run 18) 3:, 7.0 u.5 0.0015
8 b 7.6 7.4 0.0011

NOTE: Dashes indicate no detcrmi:-.ations were mride.
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Table XXXIII. Test 4 - Removal of VX from Spiked Distillate
by Passagp Through Cation and Anion Exchange Resin Columns

DATES: 13, 14, 15 November 1962

COLUMN DATA: Each column - 500 ml volume and approximately
30 cm high

Resins - Duolite C-25(H)
Duolite A-3OW(OH)

FEEDWATER: Distillate from Run 18 spiked to 114 ng/i VX
concentration

FLOW RATE: 150 ml/min (2.2 gpm/cu ft of resin)

EFFLUENT FRACTION VOLUME: 800 ml (Beginning with fraction number 21,
400 ml of C-25(H) effluent was fed to
A-'3)B (Oi1) co] uirn)

Date Column Effluen±.n
(1962) Fraction U-25(H) A-3OB(OH)

Number pH VX pH VX(.,g/1l) (mg/1)

13 Nov 1 3.h 0.061 - -

2 4.4 0.122 - -

3 4.5 0.13c) -

h 4.5 0.151 - -

5 4.8 0.156 - -

8 11.5 0.162 - -
10 4.7 0.084 - -
13 1.5 0.112 - -
15 4.6 0.105 - -

17 4.5 0.104 - -

20 L.4 0.090 - -

14 Nov 21 - - -

23 4.3 0.111 8.6 O.o00
30 '.4 0.095 7.3 0.021

15 Nov 31 - -

35 4.i 0.104 7.0 0.037

NOTE: Dashes indicate ns determinations were made.
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Table XXXVI. Test 7 - Removal of AC from Distillate by Passage
Through Carbon and Ion Exchange Resin Columns

DATE: 26 October 1962

COLUMN DATA: Each column - 500 ml volume and approximately 30 cm
high

Carbon - Nuchar WA (+30 mesh)
Resins - Mixed-Bed (Barnstead Red)

Mixed-Bed (Prepared) (I vol Duolite
C-25(H) and 2 vol Duolite A-30B(OH)

FEEDWATER: Distillate from Run 12 containing 7.0 mg/l AC

FLOW RATE: 150 Ml/min (2.2 gpm/cu ft o1' resin)

•.,1 LTh-A T I v0U, : 800 ml

E r lunnts
E flucnLt Mixed-Bed Mixed-Bed
Fraction Nuchur WA (_arnntcad) (Prepared)

Niv. PIT AC pI1 AC pIT AC
- (BIG/) (mg/1) (mg/i)

1 10.2 1.2 8.2 0 7.3 0
2 10.1 3.3 - - -
3 10.2 2.5 - - -

) - - 6.6 0 6.0 0
10 - ().8 0 6.4 0

NOTE: Dashes indicate no determinations were made.
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Table XXXVII. Test 8 - Removal of AC from Shifflett Pond Water
by Passage Through Carbon and Ion Exchange Resin Columns

DATE: 25 October 1962

COLUMN DATA: Each column - 500 ml volume and approximately 30 cm
high

Carbon - Nuchar WA. (+30 mesh)
Resins - Duolite C-25jH)

Duolite A-30B(OH)
Mixed-Bed (Barnstead Red)

FEEDWATER: Shifflett Pond water contaminated with 8.3 mg/l AC

FLOW RATE: 130 mI/min (2.2 gpm/cu ft of resin)

EFFLUENT FRACTION VOLUME: 300 •Ll ()10( m] ot rf' r1ienl r..,,t, -_) (-i2
column fed to A-30B(OH) column)

Ef f Il uent Effluents
Fraction Nuehar WA C-25 (H) A-30B (H) Mixed-Bed

No. JAI AC p1l AC pH AC pH AC( 1/1) ( l~l) (rag/l) (e'

1 9.9 0 1o.0 2.53 8.9 0 8.0 0
3 ,).4 1.. -b8 .. ...
5 9.2 3.91 )4.4 6.87 9.2 0 0.1
7 9.0 3.48 - - - - -
8 - - - - 9.1 5.Co 0

NOTE: Dashes indicate no determinations were made.
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Table XXXVIII. Test 9 - Removal of HN-3 from Spiked Distillate
by Passage Through Carbon and Ion Exchange Resin Columns

DATE: 31 October 1962

COLUMN DATA: Each column - 500 ml volume and approximetely
30 cm high

Carbon - Nuchar WA (+30 mesh)
Resin - Mixed-Bed (Barnstead Red)

FEEDWATER: Mixture of approximately 4 volumes distillate (Run 13)
and 1 volume of distillation unit feedwater (fresh);
HN-3 concentration 5.2 mg/l

FLOW RATE: 150 ml/min (2.2 gpm/cu ft of resin)

EFFLUENT FRACTION VOLUME: 800 ml

Fra t] on Nuohar WA Mi:xed-Bed
No. pH lN - 3 pH TIN -3

(mg/l) (rg/i)

]. 9.9 0.0 7.8 0.0
' 9.8 0.0 8.1 0.0

10 8.9 0.8 8.1 0.0
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APPENDIX E

SPECIAL STUDY OF BATCH DECONTAMINATION

(Table XXXIX)



go

5-. H 0 0
.04:) 0 0-H!--- 0
.0J~~- 4D~HP r-

(\j1 *O .1
10. 0 00)

04-) H E d a).~Il 0
04-) >.A C'.) (11

Cd ) H 0~ C.00 O')

1or 4 11 H - f I IC .l d)

14D 0i 1H I:: ) 41
'0 01 --4Pd

Edi 03' 41 ) 00
015 u- -4 * 0 ., (NJ 0
H0) 0 H 0 +3 0 -,1

43 0 ~ -H Pf -1 C3 -1~ 0t \DLf\
11 0+'ý 4-' a)0. ;-4 H- -- H
0 PLCM to co 'fl t 0) -4- H H

V3 H4 wHr C."
Q)) 43 4

C rd E] 'ci' -H -1 \ D

D OLl. O U U) 4-' OJ 0
U- aS. 1 C X ) --- cii0

,M (9- ,)I A: I I 0
a) 04 Al 0 ()O0H bf 'A 'N0 CIY-L0 4-)

'd 14 .C' ') (1) 0 d O -_ 0 (Aj -l r-4 Eli
0) - Q O ())-1b4w 0 H H
4- 434)O 0 ri. f2 El

43 -ci H 0) 1 &( a0 'd H

00 r, ) L u I H0 m0 0 U
P31 -rA OCO 0)W

cii 0 11 ',A I 0 -- H rd) 4-)) 01 ()
4I0 -) CO r1 1 l flýtO Q)4 0 411

-) ) H .0 Oj- Cd

43m Id C 3C'd~.0
4- (nr--- '4-' 0!0 HO0~
OHq HOi ( a) pI '[I ,AJH (J\

r,41 dc C 1 0 1 If) 'CA a) V 4-) C 'I I I I I I I 1
OJI )O +) 03- Oci 0(MO;

004) (F-- .0, -"4 -
II) 1)~ cii '--r ( 0

0~ a)-C-

'dcl .-At '0 a).0 0
4) II) 004-- U-\

tI) 0 'di +Cii E-,4O) O'dl) .If 0)

Hl r) tH ( d)ci CO 41)3 3H (U LI" -
Cd - -I& +) 1* 1 04- *H1 0- W I11 CCO (0 UO D tr(MuL-\m H'-

u fn (-) d r- C) '. r-4 .N -- k (\j1j CMjc
cd~C ýý () :

P4 -W cu0 ) ) 4-' P

tO 4 M hDp~ r-l W.1
H'i0 '0 '0 5151 H 0

- H'4 --A U) U1) V) p P4 0--

-4 1
<) -4 11 C * d

0 0)
.40

4-)->

1')~ C'0 0 -0 cli 0 1-,'d 0'-- Ci
E-. HIlH H C<Cn Cd <0~ u1 .z .
( 0.\ uCM m 0F.C<r'~ *



.ategory 16 - Water Supply and Sanitation

DISTRIBUTION FOR USAERDL REPORT 2749-RR

TITLE Removal of Chemical Warfare Agents from Water by Vapor
Compression Distillation

DATE OF REPORT 7 June 63 TASK 8M75-05-001-07 CLASSIFICATION tUncl.

ADDRESSEE REPORT ABSTRACT

Department of Defense

Technical Library 1
Office, Assistant Secretary of Defense
Washington 25, D. C.

Department of the Army

Cownanding (Genera I
Attn: AMSMO-R

AMSMk -PH
Hqs U. S. Army Mohiility Commiand
Center Line, Michigan

Command & General Staff C,]loge 1
Fort Leavenworth, Kansas

U. S. Army Chemical Research and Development labs 1
Technical Library
Edgewood Arsenal, Maryland

Chemical Corps Research and Development Command 1
Biological Warfare Laboratories
Attn: Director of Facilities and Services
Fort Detrick
Frederick, Maryland

Division of Preventive Medicine 2
WRAIR
Walter Reed Army Medical Center
Washington 12,. D. C.

Office of The Surgeon "eneral 2
Department of the Army
Main Navy Building
Washington 25, D. C.

Army Environmental Hygiene Agen,'y
Edgewood Arsenal, Mary-and



ADDRESSEE REPORT ABSTRACT

Department of the Army (cont'd)

Decontamination Research Branch 3
Defensive Research Division
U. S. Army Chemical Research and Development Labs
Edgewood Arsenal, Maryland

Director of Topography and Military Engineering 1

Office, Chief of Engineers
Washington 25, D. C.

District Engineer 2 2
Attn: LUALOL
St. Louis District, Corps of Engineers
420 Locust Street

St. Louis 2, Missouri

CE Liaiouni Of ficer I
U. ., Army Cnmhat Development Experimentation Center
Fort. Ord, California

Cosnannding General 2
Attn- Documents Library
Army Map Service
6500 Brooks Lane
Washington 25, D. C.

The Engincer School. Library 1
Buidlding 270
Fort Belvoir, Virginia

Director, Depaztment of Training Publications 1

Attn: O&A
U. S. Army Engineer School

Fort Belvoir, Virginia

Commanding Officer 1
U. S. Armvy Polar R&D Center
Attn: Arctic Library
Fort Belvoir, Virginia

USAERDL Liaison Officer I
U. S. Army Ordnance Mission
White Sands Missile Range
White Sands, New Mexico



ADDRESSEE REPORT ABSTRACT

Department of the Army (cont'd)

Corps of Engineers Liaison Officer
USA Signal R&D Laboratory
Attn: SIGRA/SL-LNE
Fort Monmouth. New Jersey

Technical Advisor
GTMRADA
Fort Belvoir, Virginia

Commanding General
Frankford Arsenal
Attn: Library
Pitm._n-D.tmn Lcaboratory Grcup

Philadelphia 37, Pennsylvania

ofrir, -r the Engincr
AFPE/8A (REAB)
APO 31,3
San Franoi soo, Ca]i fornia

The Engineer 3
Attn: I&M Branch
Headquarters, USARELTR
Apo 403
New York, New York

Engineer Section
USARCARIP
Fort Amador, Canal Z.--

Engineer
Headquarters 7th Army
APO 46
New York, New York

Chief, Engineer Division P&TD Br
HQ COMZEUR
Attn: Classified Control
APO 58
New York, New York

Senior Standardization Representative
U. S. Army Standardization Group, UK
Box 65, USN 100, FPO
New York, New York



ADDRESSEE REPORT ABSTRACT

Department of the Army (eont'd)

Commander 2
Headquarters, Quartermaster Research and

Development Command
Attn: Technical Library
Quartermaster Research and Development Center
Nati ,;k, Massachusetts

Commander
Quartermaster Field Evaluation Agency
Quartermaster Research and Engineering Command
Fort Lee, Virginia

Chiel' oi' Trunsportation
Attn- TCACR-TC
Washington 2'), D. C.

C'ommnanding Gene ral 2
Attn,: Eng neer •e;-t ion
Continental Army :,omman'd

Fort Monroe, Vitr- n ia

Chairman
Engineer Committee
Tactic-,,l Department, To ohs i,:al !nformation Service
Fort Penning, Georgia

Combat 1)evel.opments OVA s:e
Attn: Enginecr Advisor
U. S. Army Infantry School
Fort Penning, Georgia

President
Attn- Chief, Engineer Section
IT. S. Army Armor Board
Fort Knox, Kenucky

USAERDL

i.ow.anding Offi cer

M1•'ltary Department

Sanitary Sciences Branch 2C

R&&D Troject Case File I



ADDRESSEE REPORT ABSTRACT

USAERDL (cont'd)

Technical Documents Cente. 2

Office of Counsel ].

Office of Patents 1-

Technical Reports Office 4

Mech, Elec, Mil, Engr, arld TS Depts (circulate) 1

British Liaison Officer 5

Canadian Liaison Officer

Operations and Programs itvision 1 -

Department of the Navy

,h .e f
Bureau oF Yards and Doc-I- -
Att-n: Code D-W0O
Department of the Navy
Washington 25, D. C.

Officer in Charge (Code 20OC8)
U. S. Naval Civil Engineering laboratory

Port Hueneme, California

Chief of Naval Research
Reports Branch (T.ode 530)
Department of the Navy
Washington 25, D. C.

Commandant o0' Marine Corps (COde AO4E)
Headquarters Marine Corps
Washington 25, D. C.

Commanding Officer

U. S. Naval Cons;tru:tUion PattCaio.. Center
Port Hueneme, 2alifornria

Director, Marine "orps Devel)oPnt Center1
Marine Corps Landing Force DeVelp,,m'ent Ccntc

Marine corps Schools
Quant ico, Virginia



ADDRESSEE RV-PORT ABSTRACT

Department of the Air Force

Commander 1
Headquarters, United States Air Force
Attn: AFOCE-E
Washington 25, D. C.

Commander
Air Force Systems Command
Attn, SCMC
Andrews Air Force Base
Washington 25, D. C.

Commander
keronautical Systems Division
Attn: ASMCPA
Wright-Patterson Air Force Basc. Ohio

Chief
AFSC ScientUi:. & Techi 'ral LiaiGon Office
e/o DepartmeJ,;: of the Ntxv-
Room 2305 Mundtions bui aing
Washington T). u.

Other Covernmenn._ Agencl s

Commandant (MTD) 2
U. S. Coast Guard Headquarters

1300 E Street, N. W.
Washington 25, D. C.

Commanding Officer
Field Testing and Development Unit
U. S. Coast Guard Yard
Curtis Bay 26, Maryland

Office of Saline Water 3
Department of Tnterior
Washington, D. C.

Robert A. Taft Sanitary Engineering Center 3
Dept of Health, Education, and Welfare
4676 Columbia Parkway
Cincinnati, Ohio

Office of Asst Setretary of Defense for Civil Defense 3
Department of Defense
Washington, D. C.


